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Abstract	
Driven	 by	 the	 national	 strategies	 of	 "Fitness	 for	 All"	 and	 "Building	 a	 Strong	 Sports	
Nation,"	marathon	running	has	experienced	rapid	growth	 in	China,	with	a	significant	
increase	 in	participants.	However,	due	 to	 the	high‐load	nature	of	marathon	 running,	
knee	injuries	have	become	a	common	health	risk	among	runners,	severely	affecting	their	
performance	and	overall	health.	Despite	this,	domestic	research	has	yet	to	establish	a	
systematic	understanding	of	 the	 risk	 factors,	prevention,	and	 recovery	 strategies	 for	
knee	injuries	in	marathon	runners.	Given	the	extensive	research	on	marathon‐related	
knee	injuries	abroad,	this	study	aims	to	review	and	synthesize	international	research	on	
the	 risk	 factors,	 prevention,	 and	 recovery	 strategies	 for	 knee	 injuries	 in	marathon	
runners.	In	terms	of	risk	factors,	the	primary	internal	factors	for	knee	injuries	include	
muscle	 strength	 and	 running	 technique,	while	 external	 factors	 encompass	 excessive	
training	 load	 and	 footwear	 type.	 Effective	 prevention	 strategies	 include	 balancing	
muscle	strength,	optimizing	running	 technique,	managing	 training	 load,	and	selecting	
appropriate	 running	 shoes.	 For	 injured	 runners,	 initial	 recovery	 strategies	 involve	
physical	therapy,	medication,	and	exercise	therapy.	In	the	intermediate	phase,	gradual	
load	increase	and	progress	monitoring	are	essential,	followed	by	a	step‐by‐step	return	
to	 running	 to	 ensure	 a	 scientifically	 guided	 recovery.	This	 study	 provides	marathon	
runners	with	a	systematic	approach	to	the	prevention	and	management	of	knee	injuries,	
aiming	to	support	their	long‐term	healthy	running	careers.	
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1. Introduction	

Under the "Fitness for All" and "Building a Strong Sports Nation" strategies, marathon events 
have seen significant development, with a continuous increase in participants, sparking a 
"marathon craze" in China. Data indicates that between 2014 and 2019, the number of road 
races nationwide grew from 54 to 1,828, with over 7 million participants. In 2023 alone, 699 
road races (excluding trail running and mountain events) were held nationwide, with 
marathons accounting for 88.98% and a total participation of 6.0519 million[1]. Due to the 
characteristic of enduring high training loads over long periods, runners are prone to sports 
injuries. Research on the anatomical distribution of marathon-related injuries identifies the 
knee as the most common injury site, accounting for 28% of injuries, compared to 26% for the 
ankle/foot and 16% for the lower leg[2]. Knee joint injuries in marathon runners significantly 
impact their competitive performance and physical health. Therefore, identifying risk factors 
and developing effective prevention and recovery strategies are beneficial for maintaining 
runners' performance and well-being. Currently, domestic research on knee injuries in 
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marathon runners focuses on biomechanical characteristics[3,4], imaging diagnosis and 
predictive applications[5-7], and analysis of injury status and influencing factors[8-12]. While 
domestic scholars have explored risk factors for marathon-related knee injuries to some extent, 
certain potential factors, such as running technique and footwear type, have been relatively 
overlooked. Furthermore, a systematic body of research on effective prevention and recovery 
strategies for these injuries has not yet been established in China. Given the substantial body of 
research on marathon-related knee injuries internationally, this study aims to review and 
synthesize foreign research on the risk factors, prevention, and recovery strategies for knee 
injuries in marathon runners. 

2. Risk	Factors	for	Knee	Injuries	in	Marathon	Runners	

During a long-distance marathon, runners' knees are subjected to prolonged stress and 
repetitive loading, the accumulation of which can often lead to various injuries. The occurrence 
of knee injuries in marathons is typically the result of multiple interacting internal and external 
factors. For instance, factors such as muscle strength, running technique, training load, and 
footwear type all influence knee health. A deeper understanding of these risk factors, 
particularly those that are modifiable, can better guide runners in adopting preventive 
measures to reduce the incidence of knee injuries. 

2.1. Internal	Risk	Factors	
2.1.1. Muscle	Strength	
Muscle strength imbalance is a primary risk factor for knee injuries in marathon runners. Knee 
joint stability and movement control are maintained primarily by muscle groups including the 
quadriceps, hamstrings, iliotibial band (ITB), and gluteal muscles[13]. Current research on 
muscle strength imbalances in runners focuses mainly on two muscle groups: the quadriceps 
and the hip musculature[14]. Quadriceps weakness, particularly of the vastus medialis oblique 
(VMO), is a primary cause of patellar maltracking[15]. One study simulated muscle imbalance 
by modeling various knee extensor strength conditions without VMO activation and measured 
pressure distribution within the knee. The results indicated that quadriceps muscle imbalance, 
specifically VMO weakness, alters knee pressure distribution[16]. This is because the VMO is 
the primary active medial stabilizer of the patella, and its force is counteracted by lateral 
structures including the ITB, lateral retinaculum (LR), and vastus lateralis (VL)[17]. Weakness 
in the VMO creates an imbalance, leading to lateral patellar tracking and tilt, applying joint 
pressure to the lateral facet, potentially resulting in patellofemoral pain syndrome (PFPS)[18]. 
Furthermore, a longitudinal study by Finnoff et al. revealed an association between changes in 
hip muscle strength and sports injuries, showing that the injured group exhibited significant 
decreases in hip abduction strength (P=0.002) and external rotation strength (P=0.01) post-
injury [19]. Souza et al. proposed that decreased eccentric strength of the hip abductors and 
external rotators can lead to relative femoral internal rotation and/or increased hip adduction 
moment, causing excessive lateral patellofemoral joint stress during dynamic activities like 
running, potentially leading to knee injury[20]. However, Rabelo et al. suggested that muscle 
weakness might be a consequence, rather than a cause, of knee injury[21]. Nonetheless, muscle 
weakness is consistently associated with the presence of knee injuries. 
2.1.2. Running	Technique	
Running technique, including foot strike pattern, cadence, and stride length, is an important 
factor influencing knee health. Foot strike patterns during running are typically classified into 
three types: forefoot strike (FFS), rearfoot strike (RFS), and midfoot strike (MFS)[22]. FFS 
involves the forefoot contacting the ground before the heel, RFS occurs when the heel or 
rearfoot initially contacts the ground, and MFS is characterized by the forefoot and heel 
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contacting the ground almost simultaneously[23]. RFS is the predominant foot strike pattern 
for both professional and amateur marathon runners. Biomechanical data from the 2017 IAAF 
World Championships (including 71 male and 78 female professional marathon runners) 
showed that at least 54% of male athletes and 67% of female athletes used RFS[24]. Another 
study of 936 amateur marathon runners found an even higher proportion of RFS (88.9%), 
followed by MFS (3.4%) and FFS (1.8%), with 5.9% exhibiting significant bilateral 
asymmetry[25]. Additionally, a study of a university cross-country team (n=52) found that 69.2% 
(36 runners) used RFS, while 30.8% (16 runners) used FFS. Although approximately 74% of 
runners experienced at least moderate annual injuries, the incidence of repetitive stress 
injuries in the RFS group was about twice that of the FFS group[26]. FFS runners land with the 
ankle in plantarflexion and greater hip and knee flexion, demonstrating lower impact peaks, 
average vertical loading rates, and instantaneous vertical loading rates, thereby enhancing 
shock absorption and reducing knee joint forces[27]. 
Although FFS results in lower peak knee load per step, the shorter contact time and higher 
cadence associated with FFS may lead to higher cumulative loads[27, 28]. Research suggests 
that while FFS shows significant differences in average ankle moment ratio and negative ankle 
power compared to RFS, differences in knee moment ratio and negative knee power are less 
pronounced, indicating that the ankle may be more susceptible to cumulative overload injuries 
in FFS running[22]. FFS is characterized by greater ankle involvement, manifested by higher 
ankle plantarflexor torque and increased force on the Achilles tendon. Due to enhanced energy 
absorption at the ankle joint during early stance, vertical impact peaks and loading rates are 
lower, resulting in lower peak contact forces and bending stresses at the knee[29, 30]. 
Therefore, while FFS may reduce the risk of knee injuries, it concurrently increases stress on 
the ankle. In contrast, RFS runners lack this ankle cushioning effect upon heel strike, 
transmitting greater axial force up the lower leg to the knee, thereby generating higher impact 
peaks and loading rates[31]. This implies RFS runners may be more susceptible to knee injuries. 
Runner's knee injuries may be related to the magnitude of impact loading during the stance 
phase of running. Besides foot strike pattern, cadence and its associated stride length also 
influence impact loading[32]. One study showed that at +5% and +10% cadence conditions, 
runners exhibited smaller stride lengths (p<0.01), vertical center of mass displacement 
(p<0.01), braking impulse (p<0.01), and peak knee flexion angle (p<0.01), absorbing less 
mechanical energy at the knee (p<0.01). When cadence was reduced by 10%, stride length 
increased, and all joints showed significantly greater energy absorption (p<0.01)[33]. This 
indicates that as cadence decreases or stride length increases, the knee joint bears greater loads, 
thereby increasing the risk of knee injury. 
2.1.3. Other	Internal	Risk	Factors	
Other internal risk factors include individual anatomical structure, history of previous injury, 
and sex. Research indicates that anatomical variations, such as genu varum (bow legs) or pes 
planus (flat feet), can lead to uneven force distribution across the knee, potentially causing 
injury with chronic accumulation[34]. A study by Desai et al. found that among 133 runners 
with a history of injury, 53 (40%) sustained a new injury during the study period, compared to 
24% (22 out of 91) of runners with no injury history. Statistical analysis showed previous injury 
was significantly associated with a higher risk of new injury (HR=1.9, 95%CI: 1.2-3.2), meaning 
runners with a prior injury were 1.9 times more likely to sustain a new injury[35]. This 
association may be partly due to incomplete rehabilitation from the prior injury[36]. 
Furthermore, Mancino et al. demonstrated that female runners have approximately twice the 
incidence of knee injuries compared to males, a difference potentially linked to variations in 
frontal plane biomechanics. The team collected 3D kinematic and kinetic data from 32 high-
mileage runners (16 males, 16 females) at speeds between 3-5 m/s, finding that females 
exhibited significantly greater hip adduction angles (p<0.003) and smaller knee adduction 
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angles across all speeds, suggesting a potential link between this hip-knee coupling pattern and 
running-related knee injury rates. Further analysis indicated this sex-specific injury risk may 
stem from interactions between anatomical structure and biomechanical function[37]. Women 
typically have a wider pelvis, greater tibial torsion, and an increased Q-angle, often 
demonstrating smaller knee flexion angles, larger knee valgus angles, and altered muscle 
activation patterns during dynamic movements, contributing to knee instability[38]. 
Additionally, hormonal fluctuations, particularly involving estrogen and progesterone, are 
thought to influence the mechanical properties of ligaments. For example, estrogen has been 
shown to reduce collagen synthesis and increase ligament laxity, potentially compromising 
knee stability and increasing injury susceptibility[39]. These hormonal effects can be more 
pronounced during specific phases of the menstrual cycle, further elevating injury risk[40]. One 
study found significant increases in Anterior Cruciate Ligament (ACL) laxity during both the 
follicular (p=0.048) and luteal (p=0.006) phases, suggesting that hormonal surges of estrogen 
and progesterone may lead to greater ligament laxity, potentially increasing the risk of knee 
injuries in females during these phases[41]. 

2.2. External	Risk	Factors	
2.2.1. Training	Load	
Training load typically refers to the stress placed on a runner during training, measurable 
through training volume (e.g., distance, duration) and intensity (e.g., pace, heart rate)[42]. 
Overuse running-related knee injuries are often considered a result of training errors. Some 
studies suggest that higher training volume may increase the risk of knee injury[43]. However, 
other research has found no association between training volume and injury risk, or even that 
high volume might have a protective effect on the knee[44,45]. This could be because only 
runners least prone to injury are able to prepare for high-volume marathons, while injury-
prone runners may be forced to reduce their volume due to injuries[46]. 
Epidemiological and biomechanical research suggests links between specific injuries and 
training variables like volume and intensity. More precisely, sudden increases in running 
intensity are thought to be associated with injuries such as Achilles tendinopathy and plantar 
fasciitis, whereas sudden increases in running volume are linked to a higher risk of knee injuries 
like patellofemoral pain, iliotibial band friction syndrome, and patellar tendinopathy[47]. In 
marathon running, sudden increases in training volume play a key role in the development of 
knee injuries. It is widely accepted that an excessive sudden increase in running distance may 
overwhelm the adaptive capacity and tissue repair processes, ultimately leading to injury[48]. 
In a 14-week study involving 56 participants, runners who increased their weekly running 
distance by 20% to 60% had a significantly higher number of injuries after day 21 compared to 
those whose increase was less than 20% (RD, 22.6%; 95%CI: 0.9%, 44.3%; P=0.041)[49]. 
Another study indicated that novice runners increasing their running distance by more than 
30% over two weeks appeared more susceptible to distance-related injuries than those 
increasing by less than 10%[50]. Regardless, this suggests that excessively large, sudden 
increases in training volume may elevate the risk of knee injuries in marathon runners. 
The biomechanical mechanisms underlying injury development from sudden weekly distance 
increases remain unclear. However, some research suggests that running longer distances than 
usual may force runners to slow down, particularly when fatigued[51]. At the same distance, 
cumulative knee joint load is significantly higher when running at slow speeds compared to 
faster speeds. This provides a potential mechanistic basis for the association between increased 
running volume and knee injury risk[52,53]. Additionally, higher running frequency is often 
associated with greater injury risk. Among recreational and competitive runners, higher weekly 
running frequency may significantly increase the risk of knee injuries. One study further noted 
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injury rates of 39% for runners running 5 days per week, 12% for 3 days per week, and 0% for 
1 day per week[54]. 
2.2.2. Footwear	Type	
Running shoes consist of two main components: the upper and the sole. The sole, covering the 
plantar surface of the foot and interacting with the ground, is typically subdivided into the (1) 
outsole, (2) midsole, and (3) insole. Since many technological differences and variations 
between shoes occur in the midsole and insole, the impact of midsole construction and insoles 
on running biomechanics and injury risk has received significant attention[55]. Key 
characteristics of midsole construction include heel-to-toe drop and midsole hardness. 
Minimalist running shoes are often hypothesized to have a protective effect against knee 
injuries during running. Compared to traditional shoes, minimalist shoes are characterized by 
lower mass, smaller heel-to-toe drop, and less cushioning[56]. It is hypothesized that 
minimalist shoes typically lead to higher cadence, a more forefoot strike pattern, and reduced 
peak flexion at the knee and hip during mid-stance, which may protect against injury[57]. 
However, in a 12-week training study preparing runners for a long-distance event involving 99 
runners in the final analysis (23 injured), neutral shoes resulted in the fewest injuries (4 
runners), while minimalist shoes resulted in the most (12 runners). The injury incidence was 
significantly higher for minimalist shoes throughout the 12-week period, suggesting greater 
risk associated with using minimalist shoes, particularly for longer distances[56]. 
Heel-to-toe drop also influences knee injury risk. Vertical loading rates and associated 
instantaneous peaks have been reported to increase as shoe drop decreases. In other words, 
low-drop shoes may reduce the cushioning properties of the shoe, potentially contributing to 
knee injuries[58].Furthermore, the relationship between heel drop and injury risk may be 
influenced by running frequency. Stratified analysis in one study showed that among occasional 
runners, those using low-drop shoes had a lower injury risk (HR, 0.48; 95%CI: 0.23, 0.98), 
whereas among frequent runners, those using low-drop shoes had a higher injury risk (HR, 1.67; 
95%CI: 1.07, 2.62)[59]. However, because participants in that study were required to use the 
study shoes for all running, the transition from their usual shoes (approximately 78% of 
participants had not used low-drop shoes previously) to low-drop shoes may have contributed 
to the increased injury risk in frequent runners[60]. 
Research indicates that runners wearing shoes with harder midsoles have a higher injury risk 
(SWR, 1.52; 95%CI: 1.07, 2.16). Stratification by body weight revealed that lighter runners had 
a higher injury risk when using hard shoes (SWR, 1.80; 95%CI: 1.09, 2.98), while this was not 
the case for heavier runners (SWR, 1.23; 95%CI: 0.75, 2.03) [61]. A primary feature of modern 
shoes is their cushioning, designed to increase comfort and reduce impact forces upon ground 
contact. However, softer soles may increase the risk of excessive pronation, which could elevate 
injury risk for some runners[59]. Another study collected kinematic data from 16 
asymptomatic runners and 17 runners with knee pain symptoms, both with and without insoles. 
Results showed that insoles reduced peak eversion by 3.68° (95%CI: 2.98, 4.38), peak eversion 
velocity by 53.28°/s (95%CI: 32.9, 73.4), and eversion range of motion by 1.33° (95%CI: 0.8, 
1.9)[62]. While insoles may not alter transverse plane kinematics, they may alleviate knee 
symptoms by influencing other biomechanical variables[63]. 

3. Prevention	Strategies	for	Knee	Injuries	in	Marathon	Runners	

Corresponding preventive measures can be formulated targeting the modifiable risk factors for 
knee injuries in marathon runners. Preventive measures addressing modifiable internal risk 
factors primarily include balancing muscle strength and improving running technique. 
Measures addressing modifiable external risk factors primarily include training load 
management and selecting appropriate footwear. 
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3.1. Prevention	Strategies	Targeting	Internal	Risk	Factors	
3.1.1. Balancing	Muscle	Strength	
Marathon runners can enhance knee stability and reduce injury risk by strengthening and 
stretching the surrounding musculature. Research suggests that strengthening the quadriceps, 
particularly the VMO, and the hip muscles is important for stabilizing the knee and preventing 
injuries. One study found that increased force from the VMO and other quadriceps reduced 
lateral patellofemoral pressure, suggesting improved VMO function decreases stress on the 
lateral patellofemoral joint cartilage[64]. However, an electromyography review concluded 
that it is nearly impossible to isolate VMO activation from the rest of the quadriceps, implying 
that effective isolation exercises for the VMO are difficult without external stimuli like electrical 
stimulation[65]. Nevertheless, squatting exercises with hip adduction can increase activity in 
both VMO and VL muscles, helping maintain balance between them[66]. Runners can also 
strengthen the quadriceps through exercises like squats and lunges[67]. 
Strengthening the hip muscles is widely regarded as an effective method for preventing knee 
injuries in athletes. Ferber et al. investigated changes in muscle strength, pain levels, and 
biomechanics in runners with PFPS following a 3-week hip muscle strengthening intervention. 
Post-intervention assessments showed: a significant 32.69% increase in isometric strength 
(P=0.04), indicating effective enhancement of hip abductor strength; a 43.10% decrease in 
Visual Analog Scale (VAS) pain scores (P=0.001); and significantly increased variability in knee 
motion during gait (P=0.01), reflecting improved motor control. These findings suggest that a 
targeted 3-week hip strengthening program can effectively increase muscle strength, alleviate 
pain, and enhance motor control in individuals with PFPS by improving lower limb 
biomechanics[68]. Exercises for strengthening hip muscles include banded walks and seated 
hip external rotation for hip external rotation, and bridges and standing hip extension for hip 
extension[69, 70]. 
3.1.2. Improving	Running	Technique	
Proper running technique can reduce impact forces on the knee and lower injury risk. Currently, 
two main gait retraining techniques have emerged aimed at preventing knee injuries caused by 
excessive impact during running: (1) adopting a non-rearfoot strike (NRFS) pattern, and (2) 
increasing cadence or decreasing stride length[71]. Transitioning from RFS to FFS is commonly 
thought to reduce knee injuries in runners. A study by Cheung et al. showed that runners 
successfully transitioned from RFS to FFS through training, maintained this new pattern for 3 
months post-program, and experienced reduced vertical impact peaks and loading rates, along 
with an 86% reduction in pain during activity and improvements in symptoms related to 
patellofemoral pain and functional limitations[72]. However, while FFS running may lower the 
risk of knee injuries like PFPS, it places greater stress on the ankle and calf, potentially 
increasing the likelihood of Achilles tendinopathy and plantar fasciitis[73]. Therefore, when 
runners transition from RFS to FFS, it should be done gradually and accompanied by 
strengthening exercises for the foot and calf to minimize injuries during the transition 
period[74]. 
However, Gamez et al. suggest that MFS may be the optimal foot strike technique for the 
marathon. Notably, FFS places higher demands on the foot muscles. Consequently, it appears 
less recommended for long-distance events like the marathon, especially for amateur 
runners[75]. Compared to RFS, MFS reduces vertical impact and lowers knee injury risk[76]. 
Compared to FFS, MFS avoids excessive ankle dorsiflexion, which can stress the calf and 
ankle[77]. Furthermore, MFS is associated with better performance and higher running 
economy[78]. Therefore, MFS is recommended for marathon runners, particularly amateurs. 
Increasing cadence or decreasing stride length affects impact peaks, kinematics, and kinetics, 
and can thus be considered a potential mechanism for modulating injury risk in runners. 
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Specifically, at a constant speed, increasing cadence or decreasing stride length reduces vertical 
center of mass displacement, ground reaction forces (GRF), impact shock and its attenuation, 
and energy absorbed by the hip, knee, and ankle joints, thereby lowering injury risk[79]. In 
most cases, a minimum cadence change of 5% to 10% is required to observe biomechanical 
changes[80]. Cadence is influenced by various factors such as speed, body weight, technique, 
running distance, and runner's height. No single cadence value applies to all runners; it should 
be individualized based on each runner's specific needs[75]. 

3.2. Prevention	Strategies	Targeting	External	Risk	Factors	
3.2.1. Training	Load	Management	
Training load management for marathon runners primarily involves controlling total training 
volume, weekly training increments, and running frequency. Participants training 40-50 km per 
week were 99.7% less likely to sustain a knee injury compared to those training 60-70 km per 
week (OR=0.003; 95%CI: 0.073; p≤0.0001). Correspondingly, subjects training 50-60 km per 
week were 94.7% less likely to experience a knee injury compared to those training 60-70 km 
per week (OR=0.053; 95%CI: 0.004, 0.728; p≤0.028)[81]. Begizew et al. recommend that 
weekly training distance be kept within 60 km to reduce knee injury risk in runners[81]. 
However, this value is not absolute; as a runner's fitness level improves, their tolerable training 
volume may also increase. Therefore, it is crucial to adjust weekly training distance dynamically 
based on individual capacity, especially for novice runners, who should start with lower weekly 
distances before considering increases. 
Rasmussen et al. found that increasing weekly training volume might elevate a runner's relative 
injury threshold, potentially lowering knee injury risk[82]. Conversely, other studies have 
found that increasing weekly training volume elevates knee injury risk[83]. These conflicting 
findings may be due to not accounting for the magnitude of the weekly increase. Research 
indicates that more runners are injured when weekly running distance increases by 20% to 
60%, whereas increases of less than 20% are not statistically associated with a significant 
injury probability[49]. Therefore, it is recommended that marathon runners limit weekly 
training volume increases to no more than 20%. It should also be noted that the cumulative 
load from week to week should be considered. For example, injury risk may be low with weekly 
increases of 5%, then 7%, then 3%. However, even if each individual increase is under 20%, 
injury risk may still be high when increases are 18%, followed by another 18%, and then 
another 18% within a 4-week period[49]. Additionally, an appropriate training frequency may 
lower knee injury risk. Nielsen et al. suggest an ideal training frequency of 2-5 sessions per 
week[84]. 
3.2.2. Selecting	Appropriate	Footwear	
Marathon runners can mitigate injury risk by selecting appropriate footwear. Good running 
shoes can effectively reduce impact forces on the knee from hard surfaces and help distribute 
vertical load with each step. Research indicates that neutral shoes are associated with a lower 
injury risk compared to partial and full minimalist footwear. Therefore, caution is advised for 
marathon runners when using minimalist shoes during training and racing, particularly for 
long-distance sessions[56]. Heel-to-toe drop influences the cushioning properties of a shoe. 
Higher drop shoes offer greater cushioning, reducing vertical ground reaction forces (11-17%, 
p=0.009) and subsequently minimizing knee injury risk[58]. However, the cushioning effect of 
heel drop is also influenced by the runner's foot strike pattern. Therefore, marathon runners 
can select shoe drop based on their strike pattern. RFS runners are more likely to benefit from 
the enhanced cushioning of higher drop shoes compared to NRFS runners[85]. Furthermore, 
runners should transition gradually when changing between shoes with different heel drops. 
While one might assume experienced runners with well-adapted musculoskeletal systems 
could quickly adapt to different drops, a safe transition may actually require a longer period[60]. 
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Research results suggest that, concerning running injury risk, shoe cushioning is less critical for 
heavier runners, whereas lighter runners should tend towards softer shoes when choosing 
standard midsole footwear. However, the exact mechanism by which lighter runners using 
shoes with enhanced cushioning experience lower injury risk remains unclear[61]. Typically, 
motion control shoes are designed to correct foot pronation and are therefore recommended 
for runners with overpronation, potentially reducing knee risk associated with foot pronation. 
Cushioned shoes can facilitate pronation and are recommended for runners with supination. 
Neutral stability shoes are generally recommended for runners with neutral foot types[59]. 
Additionally, in one study, patients with PFPS were randomly assigned to an experimental 
group receiving 3 mm lateral wedge insoles or a control group receiving 6 mm medial wedge 
insoles. Both groups showed clinically meaningful pain reduction (>33%); however, no 
significant difference was found between the insole groups (p=0.697). To further explore the 
relationship between biomechanical parameters and outcomes, subjects were sub-grouped 
based on whether their knee adduction-abduction angle impulse (KAAI) increased or decreased. 
No significant difference in pain relief was found between these KAAI-change subgroups 
(p=0.146). However, when evaluating the absolute change in KAAI, a significant positive 
correlation was found between the absolute change in KAAI and the degree of pain relief after 
adjusting for baseline pain levels (R²=0.21, p=0.030) [63]. These results indicate that both 
lateral and medial wedge insoles can effectively alleviate PFPS-related pain, but the differential 
efficacy may not be directly related to adaptive changes in knee dynamic loading (e.g., KAAI). 
Instead, an individual's response magnitude to the biomechanical intervention (i.e., absolute 
change in KAAI) may be an important predictor of pain relief. Another study on insoles 
suggested that custom-made insoles can protect runners' knees [86]. 

4. Recovery	Strategies	for	Knee	Injuries	in	Marathon	Runners	

A systematic rehabilitation protocol is crucial for managing knee injuries resulting from 
marathon running. The occurrence of knee injuries is primarily triggered by internal factors 
(e.g., muscle imbalance, poor technique) or external factors (e.g., overtraining, inappropriate 
footwear). Although the mechanisms of injury may differ depending on the causative factors, 
there are commonalities in tissue repair and functional restoration, making rehabilitation 
approaches generally consistent. Typically, the choice of rehabilitation protocol depends on 
injury severity. For mild knee injuries, non-surgical management, such as using supportive 
devices or immobilization with a cast to reduce joint load and promote tissue healing, is often 
sufficient. In contrast, more severe injuries (e.g., fractures, dislocations, or severe soft tissue 
damage) may require surgical intervention to restore joint stability and function [87]. Post-
surgery, a series of systematic rehabilitation measures are necessary to facilitate functional 
recovery of the knee and help the runner safely return to regular training. 

4.1. Rehabilitation	Measures	
The initial rehabilitation phase focuses on controlling inflammation using the PRICE principle: 
Protection, Rest, Ice, Compression, and Elevation[88]. Protection involves using devices to 
support injured tissues, limiting motion or providing cushioning. In the early recovery phase, 
custom orthoses may offer some benefits. For instance, considering a knee brace can further 
reduce load on the knee joint[89]. Cryotherapy is proven effective during the acute 
inflammatory phase and should be applied within the first few hours post-injury to limit the 
proliferation of secondary tissue damage[90]. Typically, the injured limb should be elevated at 
least 15 cm above heart level to facilitate venous and lymphatic drainage and prevent 
swelling[88]. 
In early rehabilitation, modalities like therapeutic ultrasound and electrical stimulation, along 
with medication, can be used to reduce inflammation and pain. Therapeutic ultrasound is often 



Scientific	Journal	Of	Humanities	and	Social	Sciences																																																																																	Volume	8	Issue	4,	2026	

ISSN:	2688‐8653																																																																																																																										

163 

suggested for pain relief and to enhance the initial phase of muscle regeneration following 
muscle damage. Some evidence suggests low-intensity pulsed ultrasound can improve fresh 
fracture healing[91]. Electrical stimulation has been tried for fracture treatment, often for 
delayed unions and non-unions, with evidence tending to support its use for achieving bone 
healing[92]. Short-term use of non-steroidal anti-inflammatory drugs (NSAIDs) can provide 
pain relief and anti-inflammatory effects. However, some research suggests NSAIDs may 
prolong healing time[93]. 
Rehabilitation involves not only physical and pharmacological interventions but also crucial 
therapeutic exercise. This phase focuses on preventing knee stiffness, improving strength, and 
increasing range of motion and flexibility through exercise therapy. Patients can improve joint 
flexibility with static and dynamic stretching and enhance muscle strength through open kinetic 
chain (OKC) and closed kinetic chain (CKC) exercises[94]. When the knee has recovered 
sufficiently, low-impact cross-training can be introduced. Cross-training helps maintain overall 
fitness while placing minimal stress on the injured lower limb. Options include swimming, deep 
water running, and anti-gravity treadmill running[88]. Additionally, knee injuries can lead to 
mental stress, such as anxiety, depression, and mood disturbances, which can interfere with 
rehabilitation progress[95]. Therefore, addressing the athlete's mental stress is also important 
during recovery. Yoga, for example, has been shown to improve physical flexibility and balance 
while reducing anxiety and mental stress [96]. 

4.2. Return	to	Running	
In the initial return-to-running phase, the runner primarily engages in low-intensity running, 
combining walking and jogging. Intermittent running helps gradually restore knee tolerance 
and reduce stress on cartilage[97]. In the intermediate return phase, the marathon runner can 
gradually increase the continuous duration of each run. For example, running speed should only 
be increased after achieving 20 minutes of continuous running, and intensity should not exceed 
moderate levels[88]. In the later return phase, normal running can resume. Once the knee 
adapts to moderate loads, running distance can be gradually increased, adhering to the 10% 
rule per week, and incorporating adequate rest days within the training schedule to allow full 
recovery. A progressive increase in training load effectively prevents recurrence of knee 
injuries and gradually builds the runner's endurance[50]. Furthermore, upon returning to 
running after a knee injury, marathon runners need to implement targeted prevention 
strategies based on the type of initial injury trigger (internal or external factors) to reduce the 
risk of re-injury. Regular testing and rehabilitation assessment are also necessary. Research 
indicates that wearable devices can monitor training load and track knee function recovery, 
helping to dynamically adjust the rehabilitation plan and ensure a scientifically sound return to 
running[98]. 

5. Conclusion	

The popularity of marathon running has promoted the development of nationwide fitness but 
has also brought a high incidence of knee injuries. The occurrence of knee injuries is often 
closely linked to the combined effect of internal and external risk factors. Muscle strength 
imbalances and poor running technique are internal factors, while excessive training load and 
inappropriate footwear are external triggers. To prevent knee injuries, runners need to 
perform balanced training for the quadriceps and hamstrings, and adopt a non-rearfoot strike 
pattern and higher cadence during running to reduce knee stress. Additionally, scientific 
management of training load and selection of appropriate footwear can effectively protect the 
knee. For runners who have already sustained a knee injury, recovery strategies must follow 
scientific, gradual principles. In the initial phase, the PRICE principle, along with modalities like 
ultrasound, electrical stimulation, and medication, helps reduce inflammation and pain. In the 
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rehabilitation training phase, strength and flexibility exercises help restore knee stability. In 
the return-to-running phase, progressively increasing training intensity and volume can 
effectively help runners safely return to the sport. Furthermore, regular monitoring of knee 
recovery using wearable devices can help timely adjust the rehabilitation strategy, ensuring a 
scientific return to running. Overall, this study provides marathon runners with systematic 
guidance from prevention to recovery, aiming to support healthy and safe marathon 
participation. 
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